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1 

* V U T J: >;KJU-t S l?^fS)^T*ES L T fe * 
O F D M<S^<03{S£f£©)#BT'fT ?OFD Mffl3<S3£ 

'J >^IS£. 

flnE®gBt*#¥-8:T'Sm L ^ofd M(S-^<7) 

CIS^JS2] ttiUzt-oW y>$^«l*. 
fey. *>>^U^rSKO*iP H 1^fT^'>>?K;u^^;u^ y > 

OFDMgjggli. 

fe L J. «JE*-vy77-f A,* y >^®t% +V'J7^ 

«rffl£fri\ nflE/Wn-V hll^UmtDgm^-S'fl^i- 
^fc&S&lS^te^*^^:?^ JUS U 

BtjEfriftwat*. HijK*>>7t-ou^ g >^eoa 

OFDMgjIgS 0 • 

fey. mJE/>Va*;/ hm^fc&9&it&Bft^®T'mihL 
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ret y«fi^-^is^e^»e;s^it^*-3fe7c^ 
<<)i,* y >^jsr*fey. 

IS 1 ICEK(0O FDMSIS^So 

it*s^fcttl?C-^5i:^^;u^y >^Scd^>tK^ 

£ £1$f&£:"f"'5>iS3}iJg 2 teOL 4 <ZHv?*;txAM::Ef£0>o 
F DM3fg£i£ 0 

ISa^ygfcLf-ig^lcli. bUC:>>^u^<;u^ y > 
StSttaltfttSlefflfcfc* ^-eft =?z_t t ti>m 

Jftm 2 fcl>L 4 (Dl^f *LAMcEi£<DO F DM^S D 
[ff#JS7] Sm^1S(D^3a)^rRl<tOFDMig-^(7)5«I^ 

C <t >2>li^^ 1 ^L^L 6 (Ot^tt 

30 AWcElSCDOF DMi^Se 

Et§ir*Era3MS£*rU 

m&itmLx. <fcys<gttaiA<a$?fc^^j:^fCBiiEv 

40 >r y >^ScO'>>7K;^rai(0@iawi|lci?scos 

^^Mr^>C<t^^gft<bL/tSS^2^:l>L4a)l^ 
ni^fcEKcDO F D Mf^S 0 
[H^9] IS*JS6tcEt6(OOFDMS^Slc^»t 

BnEK-v^^-s^^^y>^> K-^7-ffl«a»ai^ 

BnEK^^^-Jl^»cgo'^HnE^>^u^^;u^ y 
50 iJ^VWffl^TvJt. 
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KM. 

? ic map-r * c £ £ as* £ -r * vmx& 0 

[SS*Jgl O] S8#JS8lcEl£tDOFDMgfg£SlCfc 

toe k * ^5 - a a k v ^ -« &&siaj x 

fiOE K ? fflXSit(zfir5$lKlE*»^iU7 -f <J 
>^«<DaaW3raf;fcl*TOE-*5c:7 -f 'J >^ 

imx^;7£. 

TOE»»Lfc«ffl«ffi««A<»SteHr*fc-6^**iJS-r 
*»ttttSB«£x^r<y:7£* 

S5E->>^7 -f U >??B«>aaftJM£fcl*fl 

e-^tc^ * u v>#juarfiia>aa«* 

bIEv>^7^^ »J >^«<Da»»**g£fcl*TO 

E-^te3? -r jus u >^s©-»5t?iu*fiia)aifl?s« 
m&is>#)\,z?4)\,z ij^^aaaammsfcttm 

*s£TOB<DRMW*fc*fa><fc ^icMLt^flSt* 
TOE-»5tOu:7-f ;u* 'J >^»<Daafir«*s*fcttTO 

vre*»?K^7^;u$ u >^«a>aamMe*fci*TO 
E-;^5c^ -<ju5» ■j>^s<D-»7Kiu*i»ia)aaw« 

TOE3«ttiS¥"j£x ^ * ^rcfcivcft^lSBiJrofc* <t 
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mm z*itz®&t*nn& k t/ ztzr-m&snuth^^rv ?iz 
sty* 

B^IESiIttSitlSx^v^^c^3t^r^os^sttal^DS 
^^ST-fe^^^^Lfcta^iiffiEm-^^^raj^l 
io JixT^Ka^ 

BJJEm-(o^^rs]^l^x^v^fcL>r. TOE'»?K 
u ></^©o>aiafi?mfs^fcr*B0E-^7c^ 
g>^«(D-»3Kji,^<Daa»«ffi*»»i« 

<b L fc ^ ¥*]5£ L fc*^l*«IE-» J»?iu^ -r iu* U ><ft* 
MMbXT-y ^l=a*. 

miE^-a)^^jsj^Sx^-y^rcfci>T. TOEV>tf 
;u^*;u* U>?^R<Da&«ttffl£fct*iraE=&7c:7 

-f^«j> <?^&<D > >3Kiu*i^a>aaw«*s^i£?»^ 

*bLfc£««Lfc«8dl*TOES'>5ttu:7-f JU* 'J >^l£ 
;u^-r;u* 'J >^S<Daaw«*§*fcl*fii!E— *5c^ 

u>^«(D-»sK^finoaaw«*i*tt«« 

<b Ltc «t L*:«^I*TOE v>tfOU3? -f JU* 'J >^f£ 

mutx-r^rca*. 

TWESB— a>»S*fil*JSX J r'y^fcfcL>r. TOE->>sK 
u >^S<Daa**«S*fc(*ffilE— #5c3> 
^;u* u >^sa>-»5t?iu*»a>aa»««*i£«« 

^bLfc<tfiJ^LfcJS^I*BtlE^»7K;u^^;u5' »J >^!fc 
30 w«<tx^^^fcii^ % 

<b* f7ofcar*BaE«««®«*«i»XT * ^icgg y % 

Co o o 1 3 

M (OFDM (Orthogonal Frequency DivisionMult ipl 

40 ex) ) ea^^ffli^fcT^^^jutta^abftw-ria 

««ia«fcart? Lfc«nb*^*a!R-r * c 1 1 <t y 
a«tt«g^rfii-b$^/coFDMSis*Sfcii-r^o 

[O O O 2] 

9) ea^5CA<ea^5«t L-rsfflsn. ^fcK«iic^ 

L^liKCDVB (Digital Video Broadcasting) -T 
50 TDxCA^^^nr^y. HU-R (International Te 
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I ecommun i cat i on Lh i on-Recommendai ion) iZfel^X lil* 
[0 0 0 3] ±EO F DMfc^^ftffl Lfc^i^f 

v^^futva >»iifcfcL>rtt. -^u^ax^x 

^ttffia<£<S§J<DlS«§*><a*B <t Sfc * CO ^ *<DT% 
W:lz&n&Vmie&Wt&<D'<'( a~j hffi§^ALt^ 

*>1>TI*. DVB-T^^fC. 

D7h (CP: Continual Pilot) !S^<t X*-v * — 
KaVP7 h (SP: Scattered Pilot) *S^A<BH^ 

F/W d hlS^tto F dm ->>^;^fcffiS(4SA ? 3 

Ph13&-CJE*U£4 O F DMv>?tOU§fCffiS£*l<5>o 
[0 0 0 4] ia±gttWLfc/<-f hig-%£ffllM:*§Mb 

-38309(D rffi^ftfigtfifc^u:^^ 3fei;ice« 
J£f*J OUT. <tiT*) lc^£*t*£ftiggA<<fc 

izitcxmit&m£Wffl\~T^z> 0 tztzLmitmmom 

ffllzt$l^X^m£*iTl^Z><Dte&&Ctzl5— K>T — 

i£IJ)£micj3l>T£i:*:7x — ^></£^t;fci£8§(*- 
^(c&^TO^^b&S£^JStbLfct(DT*&y. *£tb 
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[0005] &tz. fUtv3>^Stti§^ Vol.2 
0, No53 1996 *Mfe<D ro F DMfciBfc*>lf*@|£SHb 

^stco^j (kit, x&i^t*) mm^ay 
T^avt Fvzf^-m&SLZ'^j-ztLtzfsimmfr 

l>T3Ht;£it£tfjy gi*_T->5 ^ U— >3 >£ft-z>tzt% 
3KSr<*>S a.L ~>3 >±t^<ft4^bHtt^^/N7> 

Co o o 6] 

"y-m&sn&mm Lxi^m^x<om^m \t^^<r>— 
[ooo7] *§&m*. ±tz<o^m^m^c sis^s 

[O O O 8] 

*mmtzmzoFDM&iz&&tzuTo±oum 

[0009] CK«t(DOF DMSfg&Sf*. * 

t>\zz>4)\.* <)><7?z>zttz£ y^-v UT^rsio 
50 mlK+vUT^-r^^ y >^¥ST'tt^LfcSHT 
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loo i oi vm&w^m*. BacK^^-Haftajj 

COOl 1] gg*JB2t;:e«<OOFDMfflg<S£3l::;fc 
fT^-vMT^-f ju*y>^«£* ?-ou*y>^ 

*aa««e*^xettf:i!asi*te-e&y* miE^vy 
7:7 -r;u* u x^Sfcfcivc*--* yr^fafcttnaLfc 
/<-f pv h«fca»fc«*sE3*tfcaaw*-(?7-f 

>?K;u:?-f;u$ y «IE-»3KiU7-f u 

»a«£flm-r*a«m^«:£* t&Eaeim^a-e 

£r*ttiap*«£:*^tt*£*u B&E«f8P«a:l** liJE 

jftttica? i:r«re*»sKju^ * y >^«a>aa« 

[O O 1 2] 61**3 ClEtt<DOFDM»{B&1El*« 15 

^7 -f y >?wejn Lfcwi-7 5 — ^iS^cDfcii 

ft«»aa)»aafi*tti»-r*aaift»¥Si:* b*e& 
nffi^t'^u»aagi o f DMfi^cosm® 
asaA^a^ Kv^-nata***)* k*:/^— lea 
»nas^st. wiE— *5c^-riu^u>^so>aa* 
«4<B^»«-r*«»sii¥-si:6^«i«$iH. mem?* 

^-jaaftsaicss cr hue -;^tc^ y >tr^&o 
•»3K;u*iaia)aamia*a$ifts-r *«wsfr 7 - £ £ 
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[O O 1 3] 

[00 1 4] hi 1*. *£^<Dmi<D3s$sj&s<t-t*o 
f DMfflsm^S(oei^£^-r^D-7^@r*&^> 0 10 

Oli^o.— 7". tOlttA/Dlffem 10 2liFF 

J»«* 1 o 5 a -7 h(S^»m^©. 1 o 6 l*/* 

10 YD7hiS§iim 10 7tt^»im 108 

(*v>/K;u3?-< ;u*. io9ii+t'J77-<^, 11 
oissegsisi&sgsm^fa. 1 1 ii*k*^— a 

XSkffffi^a. 1 1 2l*fcf3P3M5T-fc* 0 

[00 15] jaTt'ii, @4fC3F-r><^ □ v vm&wm. 

^7>V'J7. ^tt^lit'O F DMy >t^t^ 

it7>V l J7^LT0^ 0 =&OFDM:>>7tOUfz£>(,> 
Tl*. 1 2 1^7*^^ 'J 7C-7X+ V 7 ^ - K/ W D -v 

I*. 4 >>7tC;HC— K/W07 hlt^A* 

[OO 1 6] Hi KfclvC. fi-t 1 OOfC#|££;tx 
40FDM«#(*«W^S1 1 2fC<fc y»«JSift»A £ 

o 1 izm&zti*. ute*—*,^ KmcmH*? \ 

30 F*g-S|<D££A/D£&3Mai o 1 f::{fclST*ttia£ L 
10 2lCitSJ^ FFT^I 0 2lCj5lvCJBMm 

k#sa>^^^vyr^ffltNTfeitfe*r<b^£x (i, 
k> . c<B<g^fcf*ffl-r*eaig&ttt££H u. k) % 
sfg^ST'S^^tt^s^^Y (k k> i-r^o 3se 

OFDMjgfY (I, k) I*. =r— ^fl-^tttU^Sl O 

40 T— ^e^ttatS^BM 0 3ttS<tOFDMfg^Y 

(I. k) A^afS^r-^fi^Y ( I , kd) (CC 
T% kdttf-^fgf (0^7*+V 'J7S§) ^ttdiL. 
jSt»«Si0 4lc^t4. H8l:/WP7H8^ 

ttaj^ai o siigfioFDMii^Y ( i , k) ^^>s 
fg/^^P'7 hfg^Y ( 1 . kp) (::t\ kp li/W 

Si o 

[OOI 7 ] /HD7 h<t*§#6±¥® 1061*. i^m® 
t^i:»*s • iiffi^^O/UD7 hil^x ( I ( kp) 
50 £Sfc±T*t(DT*, CO/NVD7Hg§li1SfRIIf® 
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<D&2?t£*IX (I. kp) £ftO/c<*K AVDvhfi^ 
M¥SlO6i>b0X (I, kp) t% g{g/\V0 7 

H ( I . kp) =Y (I, kp 
CCD&SI&lfc^H ( I , kp) tt, *-T'>>^U^-f 

ttfHtffrJtttU Silf-^ilfY ( I . kd ) ICf*ffl7T 

H ( I . kd) =H (I, kp 

uCt% Gs (i) tt->>/K;u^-r;u^, Gc (k) it 

(o£^«;§h ( i , kd ) fcMSitBfcJi^ia 1 oAizm 

ai»S^i04l^igf-5»iS§Y (i. 

kd) Jv>5t-^7^J^10 8^^Y l J77'fJl 

* i o 9T*^*;h,fcfiH£i§JSgH ( i , kd ) x^m^r 
*c£T% ^tft<of-$x (i. kd) £#*4>a>-c 

Y n ( I . k ) =X ( I . k) 

Hn (I, k p) lil^TCDltWcfc ^lca£*t* 0 

Hn ( I , k p) =Yn ( I , 
= H (I, kp) +N (I, k 

:©Hn (I, k p) IC*f L*>>JtOl*:?-f JU* 1 O 8 Jd 

Hn ( I , k d) =Hn ( I . 
= H ( I , kp) * G s (I) 
p)) *G s (I) *Gc (k) 

FDM^v^fi^.f 1ttOFDM^v>tOU 
£ iS— /^U^ADSiLfcO F DM>>>7K;K7)® 

&?8l£:^-fo ^fc^i 5 1 li/U a hi§^(0^>^ 

$iiB#p B ii*r'OFDM^3ai>>^ufia)i /a. m&$i 
i6r*oFDM->>7K;uJS^coi/4<t^y. ^--r+x 

c i , k p) (Dftmtfmms ^ ±mz&&^Ti^z>m& 
xmm^m\ ^f-^m^m^^n o. kd) £ 

^108 (Diiilwii&teO F D M *>>7\i)\,m&%L(D 1 / 
4. +V'J77^J^ 1 O 9CD@i@^mi*OFDM^3ai 

[0 0 2 4] LA>U ^(OnVD'V hfl^&SSJEg 
H (| % kp) lt±&.ft®±i*lzfctfiXt^Z>tt*mt> 



) /X (I 



* hig^Y (I. kp) ^m-r^c^r-sfi/NVD-y h 

[001 8] 

kp) (1) 

H (I. kd ) A***)**!,*,, C*L£x£T* 

[O O 1 9] 



)*Gs(l)*Gc(k) (2) 

* [0020] sesgosfeicfci^-tt*. e&sscifcuTSi 

Ut\ m I §S<Dv>t:Wfk§gOT7>V'J7^ 
[002 1] 



• H ( I . k) +N (I, k) 
20 [ O O 2 2 ] 

k p) /X ( I , k p) 
p) /X ( I , k p) (4) 
♦ 8^Hn ( I , 
[O O 2 3] 



(3) 



k d) C<tfc£:* 0 



kp) *Gs (I) *Gc (k) 
*Gc (k) + |N (I, kp) /X (I, k 
(5) 

30 ■?+ OFDM-»^uS^?aa)i/4ci;y^A<»l>c 
^h,/c*t L$S#fiSc#N ( I , k p) 

(i, kp) <o&maLi*tzi-t&mmzi£* ^m^iz^ 

Z>&&tti&&<D&£:N ( I , k p) /X ( I , k p) <D 

m&z*z<?z>^£&. (5) sz&vsimv&zztz 
&t>frZ>o -rut>*>£vm^H (i. k P ) co^tge^G 

s ( I ) *Gc (k) T'&jarf *d<tfc<l*yti5L, j£ 

(i, kp) /x (i, kp) (Dmm&mmm 
^^^v^r-^m^m^^Hn (i, kd) 

40 4*0) N (I, kp)/X (I, kp) *Gs (I) *G 

c (k) Rfe^A^h^<^u. m&mm&fa.t?z> 0 ^<r> 
i.Tmitik(D&m^-?m^x o, kd) ant 

m-^te^^ct^H c i „ k P ) (D^ci: uKi^aiim 
( k k d) 0)«^(*^bLsmi4^i*<gT-r^ o 

[002 5] ZCt% In^^H (I, k) (7)-^tc 
?-UX^&£h (f, t) ^^^-T^xh. h (f, 
50 t) (igS- Ky^-X^ MM#t£T-&iK t0£ 
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h (fo. o itm&&m&fO0)mmzm-z>m&zfa 

(f. T)l*f 73ftlcl*fi*Kt/^-jgiK3r£f d<fT 

- f d < f < f d<D©@IC??&-r& 0 £fch ( f . 
t )liz :frftlct*fi*g3#F B 1£T m£^*£ o<t < 

COO 2 6] L/c/)<oT. /nVdv hfS^lfc&S&fc^H 
(K k P ) Ic^Ltt,, K*^7-^h7AJi 

£- f d< f < f d £ L. @S^a^T-<;u^±T®ia 
£i**fc£>i::+A'U7^>f ;u* i o 9a>&iS??5t££o< 

Kimafctd)^ "r—Zm^fc&L&lZ^H (I. 

kd) ^Mg^^-fi^^^i. II^a77 

Coo 2 7] ::t\ *f£^rri3iNTtt. fi*Kv^5 
-I3&a£#4>*fc*>fc, 1 OfcfctNT 

1 1 OT*Ifc*§L*:#S&aig(* K^^-Hsftajras^s 
1 i i f::ttl&$*u JUTCDxCfc^y Kc/^-®&af 

d £3fc#>£>o 

COO 2 8] fd = v C os0/A (6) 

A^i— ^-1 o o<D&is®&$*z&iffl* ztz#>tz&mL 
ti^©-c«wsi i 2<fcy AO)te$fi£i&f#i>-*o * 
fca«eii^t^4a)t\ 5* (e) (D&xmT'&z f 

d m= v / A £S* K*V ffliMfc* LtMWS 1 

Hg^fc&KlS^H ( U k p) IC«fcyift<fc 
"J. J;yfi&<D;Sl^t£^C£A<T'£* 0 

ioo29] i2ii. Kt/^-fflaftasras 

¥ei i i <fcy#ws£*t6 K^^-iaati^Jt, 

v>7tOi^-r;u* i o eom&mm&BWt 
sm^SA^jhurfcy v = or*&;h,ur K-y^-jsifc 

hfS*M£i£»fSSH (k k p) (7) Kv^7- X"** 
h7AI*o<!:^^ 0 Lf:^otv>^7-<;^i 08 

tUav hfi^eiMKc&gH ( i % k P ) <d 

:7^;u* i 0 8<ASiQ?Si§&£j:y*£<t-££?l::$»Ii2p 
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C0030] /wo9 Kt§^eiaiKJC^^^F B i-r^'>> 

*>>?K;U^-f JU* 1 O 8<7>$8j£«£@2ICjF-fo @2/Z 
fct^T 2 1 fcMSfS^fS. 2 2 l*(S^(DiDS^©. 2 31* 
1 v>tOHgJ^^ggfa 2 4 l*ii$I^f£ 

?Mi\,Z>4 T'tt* £«|2PT* C <t |-«fc y Z> << )\,$ (Dm. 

( I , k p ) IC**ffl^*{K&&ftt±H ( I , k P ) 

20 tHl\ 

[003 1] 0 2 fC^ L/c:>>^U3? -< Ictel^T. 
±ESft^ Lfc«&fil*-A* Kir J: * or <Dfil£^ L7c*i^ 

ommtt&on&m&mstzTjii-,. ^lioFDMig^ 

*(D*JI3T*&* 0 3 1 T'^Lfc^1iA<«A<St7^^LMS 
iSiS^ I \, ^1i3 2. $#143 3. ftfcfe 

30 o*L-cmt3 3, 3 2^t>r*3 i ^g^-r^^^fc^mi 

Weigher LTL><<fc ^ fC^^J L T 4, <k 

[oo32] metz&mm<Dm-<Dmmi&mT'$>z>oF 

^■r^o 1 oott^a- -r % ioiiiA/Dissm 
io2iiFFT?s, i o3iif- zm^tmii^m. 1 

0 4 (i^KiS^©. i o 5 f*/\V d v hfS^*fct±!^ 
©.106 a v hm^3&±^&^ 1 o 7 l**Si?i[$ 

40 io8iiv>^7^;^, 1 0 9tt+-^'j7 

-?>o\,$. i 1 oi*g|g^S^Sj!)i$lg55^© % i i i 

(* K^^^-ji^asai^T-fey. ctt^(o®jf*(*K 

1 4fs$qi2p^s. i i 3iz&m^r-$m j ~r<n&mvti&%. 
[oo3 3] se«sis«^®i i 3i*. mitik<D&m 

X (I, kd) 0)3&«ttSg£E«L. 

50 a>A#jAssttas. ssuniEmKoasy^ ssyniEf£<D 



13 

-jsttici*. ^yn:E&<D^-5ucgsyA<fS£L-ci^ 

[0 0 3 4] e<Stt^£«^f5l 13t'DSU;5fitt 

^©i i i -enaiLfc K^^-Hafiat«cr-»sK 

^ (6) T'^Lfc^fC. 5«gS#S):*rnj£OFDM 

*t*o si^4^0 = o 8 fcct^i so* roit^jan 

T-fi. ^(D/NVD-y HS^fc&SSfS^H ( K k p) 
<D»*I*. K^^-fflsMHMS^Sl 1 1 T'##)fc K 
y^5-Mttf dj:y^*<ftij % e = 90° *5«*tf 
2 7 0° t'liOC^otL$9o C^tt^fCfcOTf*. 
*BO/Unyhflffi«Bl6SH (K k P ) fc*t(£ 
-»sKju:7<rJU* 1 O 8<7>iSi&wi££c*: yft< L 

d) £fi5£pm-C<fc* 0 Lfcibt, S<gtts§^#^fa 
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